Reports from several laboratories-4 have now demonstrated that isolated mitochondria will incorporate C'4-labeled amino acids into mitochondrial protein without the addition of supernatant fractions. The incorporation is dependent on the energy derived from substrate oxidation, and Truman and Korner3 have noted that oxidizable substrate provides a better energy source than added ATP. It is the purpose of this paper to report that although this process is energy-dependent, it is largely insensitive to specific inhibitors of ATP formation, and therefore it does not appear to require ATP. This finding has a special significance for the possible control of protein synthesis by the thyroid hormones.
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Materials and Methods.-Rat liver mitochondria were prepared by conventional methods5 and incubated in air at 370C in a metabolic shaker. The incubation medium is described in the legend of Table 1 , and no additions of cell-sap or other supernatant fractions were made. The amino acid mixture which was used had the following molar proportions: alanine 1.0, arginine 0.2, aspartic acid 0.4, asparagine 0.2, cystine 0.2, glutamic acid 0.7, glutamine 0.25, glycine 1.0, histidine 0.1, lysine 0.5, methionine 0.3, phenylalanine 0.25, proline 0.35, threonine 0.4, tyrosine 0.3, and valine 0.5. DL-leucine-1-Cl4 with a specific activity of 4.03 mc/mM was used as the labeled amino acid. Aliquots of the incubation medium containing about 3 mg protein were treated as described by Truman and Korner,3 and counted until at least 5,000 counts were recorded.
Results and Discussion.- Table 1 shows the rate of leucine-l-CI4 incorporation under a variety of conditions. For each addition the time course of incorporation was determined, and in most cases the rate was linear up to 1 hr. Table 1 gives these initial linear rates. The data show that leucine-l-Cl4 incorporation was almost completely blocked by both antimycin A and 2,4-dinitrophenol, but it was not inhibited by oligomycin at concentrations which block the terminal phosphorylation steps leading to ATP formation.6' 7 Higher levels of oligomycin inhibited amino acid incorporation 30-40 per cent, possibly due to a partial inhibition of succinate oxidation. 6 The addition of either ADP or AMP also slowed the rate of incorporation markedly. These findings show that amino acid incorporation in mitochondria Incubation conditions: 110 mM sucrose, 10 mM phosphate, 25 mM Tris, pH 7.4, 50 mM KC1, 10 mM nicotinamide, 18 mM DPN +, 10 mM MgCi2, 10 mM succinate, 1 mg/ml of the amino acid mixture, 0.5 ;&c/ml DLleucine-l-C'4, 37°C; 3.5 and 3.0 mg mitochondrial protein/ml incubation medium for preparations 1 and 2, respectively.
does not require ATP, although it is dependent on substrate oxidation and energy conservation. This suggests that high energy intermediates in the phosphorylation process may serve as at least a partial energy source for the incorporation process. Similar conclusions have been drawn about the energy requirements for ion accumulation in mitochondria.8 Since previous work by this author9' 10 indicated that thyroxine and certain of its analogues inhibit the terminal steps of the phosphorylation process, the effect of these compounds on amino acid incorporation was also tested. 5 X 10-iM thyroxine, which inhibits ATP-P32 exchange by about 40 per cent, stimulated amino acid incorporation by 25 per cent. However, 5 X 10-5M tetraiodothyroacetic acid, which is a potent inhibitor of phosphorylation by blocking the ATP-P32 exchange, virtually doubled the rate of leucine-l-C14 incorporation. Thus, the thyroid hormones and some of their derivatives may actually stimulate protein synthesis in mitochondria by slowing the formation of ATP and diverting high energy intermediates into the amino acid activation process.
The fact that ATP does not appear to serve as the main energy source for mitochondrial amino acid incorporation makes it unlikely that the currently accepted scheme of amino acid activation11 is active in these organelles. Since Truman and Korner"2 have shown that mitochondria can supply activated amino acids for incorporation into microsomal protein, the findings reported in this paper may also indicate that ATP need not be the immediate energy source for protein synthesis in the cytoplasm. Summary.-Amino acid incorporation by isolated liver mitochondria has been found to be an energy-dependent oligomycin-insensitive process. This finding is consistent with the discovery that thyroxine and certain of its analogues increase the rate of amino acid incorporation although they inhibit the terminal steps of the phosphorylation process. Tris-glucose-thymidine: Tris-glucose plus 10 ,ug/ml thymidine. Glycerophosphate tris-glucose agar plates: These synthetic plates were made with the trisglucose ingredients with the addition per liter of 0.2 mg thymidine, 10 ml "vitamin-free" casein hydrolysate (acid) (Nutritional Biochemicals Corporation), 0.02 gm L-tryptophan, and 0.10 gm B6-glycerophosphoric acid disodium salt (Eastman) replacing the KH2PO4. In addition, the bottom agar contained 12.0 gm Difco agar per liter, the top agar 7.0 gm. The plates were poured with approximately 30 ml of bottom agar per plate. The glucose for the bottom agar was autoclaved separately.
Tryptone agar plates: These plates were made with 10 gm Difco tryptone and 5 gm NaCl per liter of HO to which was added 12 gm Difco agar for the bottom layer and 7 gm Difco agar for the top layer.
Bacterial strains: E. coli B3, a thymine-requiring strain of E. coli deficient in thymidylate syn-
